Background: It is not well established how psychosocial factors like social support and depression affect health-related quality of life in multimorbid and elderly patients. We investigated whether depressive mood mediates the influence of social support on health-related quality of life.
Background
Health-related quality of life is a measure of subjective health that complements disease-specific outcomes in multimorbid patients, because good quality of life is of value in itself and it is an independent predictor of mortality [1, 2] . All relevant factors that might affect healthrelated quality of life in multimorbid patients need to be looked at in order to gain a more detailed biopsychosocial understanding [3] of multimorbidity. These include biological factors such as the extent of multimorbidity, as well as psychosocial factors such as social support and depression. The present study aims to clarify the relationship between quality of life, depression and social support in multimorbid patients.
Multimorbidity is commonly defined as the cooccurrence of two or more diseases and medical conditions within one person [4] . As the number of simultaneous chronic diseases increases with age, multimorbidity is common in elderly patients [5, 6] . In a recent study the prevalence of multimorbidity in primary care practices was 65% in elderly persons [5] . Previous research has attempted to increase our understanding of multimorbidity by identifying patterns of disease combinations [7] [8] [9] . Diseases tend to co-occur when they share common risk factors or pathophysiological pathways [10] , or, given the high prevalence of many diseases in the elderly, by coincidence. Based on factor-analysis, Schäfer et al. [9] identified three multimorbidity patterns: cardiovascular/metabolic disorders (CMD), anxiety/depression/somatoform disorders and pain (ADS/P) and neuropsychiatric disorders (NPS).
Multimorbidity has several adverse consequences for patients, e.g. polypharmacy and decreases in functional abilities. Furthermore, it is known that the burden of multimorbidity consistently leads to impaired healthrelated quality of life in primary care patients [11, 12] .
Social support by relatives, friends or professionals can promote adaptation to and coping with chronic illness and multimorbidity [13, 14] . Social support is a broad concept that is commonly divided into instrumental and emotional support, as well as into actually provided, received, and perceived social support [15] . Perceived social support can be defined as 'the perception or experience that one is loved and cared for by others, esteemed and valued, and part of a social network of mutual assistance and obligations' (Wills cited in [15] ). Social support is positively correlated with health-related quality of life [16, 17] and was identified by Fortin et al. [11] to be one of the most important factors predicting health-related quality of life in multimorbid patients. Therefore, understanding how social support and quality of life are related, can inform primary care interventions addressing multimorbid patients.
Social support is negatively correlated with depression [18, 19] . Impaired social support and feelings of loneliness are considered to be risk factors for depression in the elderly [20, 21] . As social support is associated both with health-related quality of life and with depression, the question arises whether and how these factors interact.
Psychological distress [22] and depression [23, 24] are known to affect health-related quality of life. This association is especially important in multimorbid patients because duration and severity of depression have a higher negative impact on health-related quality of life than physical chronic conditions [25] . Additionally, depression is a common [26] and often chronic [27] comorbidity in elderly patients. And, in primary care patients, the probability of suffering from depression grows with increasing physical morbidity [28] .
In previous research, depression was shown to be a mediating variable in the relationship between social support and health-related quality of life in patients with HIV/AIDS [18, 29] . As an explanation, Bekele et al. have proposed that either a perceived lack of social support increases perceived threats of stressful events, or a high level of perceived social support decreases perceived threats of stressful events [29] . This, in turn, leads to either an increase or decrease in depressive symptoms, and influences health-related quality of life accordingly. As social support has a positive and depression a detrimental effect on health-related quality of life in multimorbid patients, a similar relationship to that observed in patients with HIV/ AIDS may exist.
To clarify the direct and indirect effects of social support and depressive mood on health-related quality of life in multimorbid patients, we investigated the hypothesis that depressive mood mediates the influence of social support on health-related quality of life in these patients. Additionally, we investigated whether the hypothesis holds true for the three different multimorbidity patterns. The analytic relation is depicted in Figure 1 .
Methods
Cross-sectional data come from the baseline assessment of the German MultiCare study, a longitudinal, prospective observational cohort study of multimorbid elderly patients [30] . 3,189 patients were recruited from 158 general practices in eight study centres across Germany. The study protocol was approved by the Ethics Committee of the Medical Association of Hamburg.
Participants and sampling
Included patients were between 65 and 85 years of age, had visited their general practitioner (GP) at least once within the previous three-month period and had at least three chronic medical conditions from a list of 29 common diseases. Patients were randomly selected based on medical records from primary care practices but were excluded if they were unable to participate in interviews (deaf, blind or unable to speak German), if they were not regular patients of the respective practice, if they were living in nursing homes, if they were not able to give informed consent (e.g. demented patients), or if they had an acute illness which was expected to result in death within three months. The complete list of diseases and further details on the study design can be found elsewhere [30, 31] . Data were obtained from GPs' medical records and from standardized comprehensive interviews with patients.
Measures

Depressive mood
We used the Geriatric Depression Scale, which was developed for assessment of depression in elderly persons [32] . It avoids assessment of physical symptoms, which in elderly and comorbid patients cannot clearly be attributed to depression [33] . Validation studies of the Geriatric Depression Scale in hospitals and nursing-home residents showed good results [34] . In primary care populations, it appears to be preferable to use the short version of the Geriatric Depression Scale (GDS-15) instead of the long version [35] , and hence the short version was used in this study. The German version of the GDS-15, used here, showed good psychometric properties [36] . The scale comprises 15 items that can be answered either with yes or no, with a threshold score of ≥6 out of 15 making major depression likely [36] . As others have done before, we used the GDS-15 as a continuous scale in our mediator analysis to assess for depressive mood [24] , based on the assumption that a higher score on the GDS-15 reflects greater depressive mood than a lower score, regardless of the threshold.
Social support
To assess perceived social support, the short form of the Social Support Questionnaire was used (F-SozU-K14). The F-SozU-K14 is commonly used in Germany (e.g. [37] ) and good evidence for its validity exists [38] . A continuous summary score is calculated from its 14 items, with higher values indicating more perceived social support. The FSozU-K14 assesses perceived emotional support, perceived practical support and perceived social integration. However, for the short form of the Social Support Questionnaire, no differentiation to these subscales is recommended by the authors [39] , which is why the summary score was used.
Health-related quality of life
Health-related quality of life was measured using the EuroQol-5D-3L (EQ-5D) instrument [40] . Patients were asked to self-rate their current health state on a visual analogue scale (EQ VAS) from 0 to 100. Additionally, the EQ-5D assesses five dimensions of the current health state of patients: mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression. Each dimension is assessed on three levels: no problems, some problems, or severe problems. Thereby a total of 243 possible health states results, from which a single continuous index score can be obtained (EQ-5D Index; 1 represents perfect health and 0 represents death). This is carried out using healthstate valuation data from valuation studies in general populations. We used the European valuation data based on Greiner et al. [41] reported in Szende et al. [42] . In our analyses we used both the EQ VAS and the EQ-5D Index variables to assess the outcome of health-related quality of life.
The EQ-5D is among the briefest health index measures and due to its ease of application has high completion rates in elderly populations, but it has been criticized for being less sensitive to change than the SF-36 [43] . In a multimorbid patient sample, however, its lower sensitivity is probably less relevant, because patients are relatively sick and inter-individual differences more pronounced [34] . We therefore consider the EQ-5D to be a reliable and valid instrument for a multimorbid patient sample.
Control variables
Socioeconomic control variables used were: age, gender, educational level, income and living-situation. Educational level was divided into three categories, based on the CAS MIN-classification [44] : 1) inadequately completed general education, general elementary education or basic vocational qualification; 2) intermediate qualification or general maturity certificate; 3) lower or higher tertiary education. Income was reported as household-size adjusted net income per month. Participants were classified as either 'living with a partner or relative' , or as 'living alone'. 'Living alone' included assisted living or living in retirement homes.
As a control variable for the disease burden of multimorbidity, a weighted disease count was included in the model. There is no consensus on how to measure multimorbidity and many different measures exist [45] . Because a multimorbidity measure incorporating severity of disease was described to be associated with psychological distress, while a simple disease count was not [22] , it seemed appropriate to account for disease severity. In this study, patients' diagnoses and severity of diseases were assessed in interviews with GPs. The weighted disease count was then calculated by summing up the severity ratings ('marginal' = 0, 'low' = 1, 'medium' = 2, 'severe' = 3 and 'very severe' = 4) given by the physician. Pearson's correlation of the weighted and unweighted disease count was r = 0.774 (p < 0.01).
To test the mediation hypothesis for different multimorbidity patterns, patients were assigned to the three patterns described above (CMD, ADS/P and NPS) if they had at least three diseases belonging to one of these groups, as described by Schäfer et al. [9] .
Missing values
Missing data were imputed using the hot deck method from donors, and identified on the basis of the nearest Gower distance. 2,720 patients (85.3%) had no missing values and were eligible as donors. Eight participants with missing data needed for the calculation of the EQ-5D Index variable were excluded from further analysis. A more detailed description of the imputation process can be found elsewhere [31] .
Statistical analyses
A correlation matrix was calculated using Pearson's coefficients for continuous variables or Spearman's coefficients for nominal and ordinal variables. To assess both direct and indirect effects of social support on healthrelated quality of life, we tested the mediation hypothesis as described by Baron and Kenny [46] . This approach is a measurement-of-mediation design. It is used to statistically measure the mediator variable's effect, in contrast to experimental approaches like the experimental-chaindesign, where the mediator variable is directly manipulated [47] . We used multiple linear regression to calculate unstandardized and standardized coefficients of variables as well as adjusted R-squares (R 2 ). We confirmed assumptions for regression analyses by checking for linearity between variables based on plotting and curve-fitting procedures, by excluding multicollinearity based on variance inflation factors, and by assessing normal distribution of residuals graphically. Control variables were used in all regression calculations. Testing mediation requires three regression models, in which the following conditions must be fulfilled: first, the predictor variable (social support) must significantly influence the mediator variable (depressive mood); second, the predictor variable must significantly influence the outcome variable (health-related quality of life); and third, the predictor variable's influence on the outcome variable must be greatly reduced or become non-significant when the mediator variable is included in the model. Mediation analyses were done separately for the two outcome variables EQ VAS and EQ-5D Index. To test significance of the indirect path via the mediator variable, we used Sobel's test applying a utility provided by Preacher and Leonardelli [48] . To investigate whether the mediation hypothesis holds true in different multimorbidity patterns, we also conducted the mediation analyses separately for all patients exclusively assigned to the CMD pattern and for all patients exclusively assigned to the ADS/P pattern. Based on the assumption that differences would be more pronounced in patients that were assigned to one pattern alone, all patients assigned to multiple patterns were excluded. The NPS pattern was not accounted for, as only four patients were exclusively assigned to it. All resulting values were said to be significant at a level of p < 0.05. Analyses were done using SPSS version 19.0.
Results
Sample characteristics
The total sample at baseline consisted of 3,189 patients. The mean age was 74.4 years and 59.3% of patients were female (see Table 1 ). 62.3% of patients had a low educational status. The mean number of chronic conditions was 7.0. The three most common diagnoses were hypertension, disorders of lipid metabolism and chronic low back pain. A more detailed description of age, gender, and socio-economic characteristics of the study cohort can be found elsewhere [31] .
In the analysis of multimorbidity patterns, 937 patients were exclusively assigned to the CMD pattern and 748 patients to the ADS/P pattern. Further characteristics on the subsamples are displayed in Table 1 .
Based on the GDS-15, 401 patients were likely to have depression. Of those, 144 (36%) had previously been diagnosed with depression, according to GP records. Patients that were likely to have depression consistently reported more problems in all five dimensions of health-related quality of life than patients unlikely to have depression.
Correlations
We examined correlations among variables for magnitude and plausibility with regard to our hypothesis (Table 2) . Social support correlated negatively with burden of multimorbidity and depressive mood, and positively with both measures of health-related quality of life (EQ VAS and EQ-5D Index). Health-related quality of life, as measured either by the EQ VAS or the EQ-5D Index, correlated negatively with the weighted disease count and with depressive mood.
Mediator analyses
The predictor variable (social support) significantly influenced the proposed mediator (depressive mood) in a linear regression model; this first model is the same for both outcome variables. The unstandardized regression coefficient Ba was −1.435 (p < 0.001, standard error SE = 0.061). The coefficients used for testing mediation are also shown in Figure 1 .
Mediator analysis with EQ VAS
Our first analysis used EQ VAS as outcome variable. The predictor variable social support significantly influenced the outcome variable (step 1 in Table 3 ); the unstandardized coefficient Bc was 3.858 (p < 0.001, SE = 0.446). When adding the proposed mediator (depressive mood) to the linear regression model (step 2 in Table 3 ), the social support coefficient decreased to Bc' = 0.438 (SE = 0.457) and lost statistical significance (p = 0.338), suggesting perfect mediation according to Baron and Kenny. Depressive mood significantly influenced the outcome variable with a coefficient Bb of −2.383 (p < 0.001, SE = 0.123). The indirect pathway was significant at p < 0.001, based on Sobel's test.
Mediator analysis with EQ-5D Index
The same analysis was done using the EQ-5D Index as outcome variable. Again, the predictor variable significantly influenced health-related quality of life (step 1 in Table 3 ). After adding depressive mood to the model, the unstandardized coefficient decreased from Bc = 0.039 (p < 0.001, SE = 0.006) to Bc' = −0.013 (95%-CI: −0.024 to −0.002, SE = 0.006) and remained significant at p = 0.023 (step 2 in Table 3 ). Depressive mood still exerted significant influence on the EQ-5D Index variable with a coefficient Bb = −0.036 (p < 0.001, SE = 0.002). The indirect path was significant at p < 0.001, according to Sobel's test.
Assessment of overall strength of our regression model showed that the addition of the mediator variable depressive mood to the model greatly increased R 2 on both occasions: when using EQ VAS as outcome variable, R 2 increased from 0.137 to 0.228 (Table 3 ) and when using EQ-5D Index, R 2 increased from 0.132 to 0.264.
Further variables
The weighted disease count as a measure of multimorbidity and level of education were the only other variables with a significant influence on health-related quality of life in both models after inclusion of depressive mood. Comparison of standardized regression coefficients showed health-related quality of life to be more strongly affected by depressive mood than by the weighted disease count ( Table 3) . The influence of level of education was marginal.
Multimorbidity patterns
When conducting the mediation analysis in the multimorbidity patterns of CMD and ADS/P, results differed only marginally between the two groups and from the overall analysis. As no meaningful difference between patients in the various patterns was identified, results are not shown.
Discussion
Key findings
Our results show that depressive mood mediates the association between social support and health-related quality Table 3 Effects of social support and depression on health-related quality of life estimated using linear regression EQ VAS (N = 3,189) EQ-5D Index (N = 3,181 † )
Step 1
Step 2 Step 1
Step 2 EQ-5D data was missing for eight participants and these data were not imputed. B: unstandardized regression coefficient (95%-CI: 95%-confidence interval). β: standardized regression coefficient.
of life in multimorbid, elderly patients. This finding holds true in the overall sample and in the two groups of distinct multimorbidity patterns (CMD and ADSP). The fact that multimorbidity patterns did not differ significantly in our analysis suggests that no disease-specific mechanisms are at work, at least with regard to social support and healthrelated quality of life. In view of this, it may make more sense to consider general disease susceptibility, related to psychosocial factors such as coping style, as a possible explanation of the results [49] . In our analyses, all main criteria for mediation were fulfilled, including significance of the indirect path. Interestingly, the social support coefficient changed from positive to negative in the EQ-5D Index analysis, which may be the result of a suppressor effect. As it decreased markedly after accounting for depressive mood, and confidence intervals were close to zero, we interpreted this result to be in agreement with the mediation hypothesis.
In both analyses, the large increase in R 2 -values after accounting for depressive mood suggests that although the total effect of social support is mediated by depressive mood, the total effect of depressive mood cannot be explained through social support alone. Therefore additional unaccounted variables are of importance when predicting depressive mood in multimorbid patients.
In addition, our data showed that depressive mood affects health-related quality of life more than the overall disease burden of multimorbidity (as measured by the weighted disease count), which agrees with previous research [25] . For comparison with previous research it should be borne in mind that we have considered depression in late life to be a continuous concept. We therefore used a continuous score and did not dichotomize the GDS-15.
For a theoretical explanation of our results, we draw on cognitive appraisal theory, which is commonly applied in research on adaptation to chronic diseases [13, 50] . According to this theory, a person's encounter with stress leads to a primary appraisal of stressors, in this case multiple illnesses, and to a secondary appraisal of coping resources. An adverse primary appraisal of threat and harm resulting from multiple chronic diseases compounded by a perceived lack of social support in the secondary appraisal process could result in depressive mood. Conversely, the perception of good social support could balance a harmful primary appraisal. The level of depressive mood then influences health-related quality of life either positively or negatively. Cognitive appraisal takes part in coping with chronic diseases and knowledge of the processes involved can aid GPs when supporting patients [50] .
To our knowledge, depression as a mediator between social support and health-related quality of life has previously only been studied in patients with HIV/AIDS: in the study by Jia et al. [18] the effect of social support on physical and mental health-related quality of life was completely mediated by depression. In contrast, in the study by Bekele et al. [29] mediation was not complete and a significant, yet small, direct effect of social support on health-related quality of life remained after accounting for depression. Sociodemographic and medical differences between the samples of HIV/AIDS patients and our sample limit direct comparison, but we believe that the similar findings in all samples support the hypothesis.
Strengths and limitations
Major strengths of our study are its large sample size and its coverage of many different diseases. We consider our sample of 3,189 patients with a multitude of common diseases to be highly representative of elderly, multimorbid patients in primary care settings and would contend that our results are more suited to be generalized than studies limited to a single chronic disease. This is of great advantage especially for primary care practice.
Our study is limited by its cross-sectional design (longitudinal results will, however, be available from the MultiCare study in the future). Consequently, one criterion for mediation mentioned by Baron and Kenny [46] cannot be checked: namely that the mediator is not caused by the outcome variable. We cannot exclude this possibility as there is no way of knowing the sequence of events in our sample. Here, experimental designs to test mediation could provide stronger evidence of causal relations among variables [47] . We used a unique multimorbidity score, as described in detail in the methods section, which we consider to be superior to a simple disease count for this study. However, it limits comparison to other studies on multimorbidity. Given the multitude of multimorbidity scores [45] , this is a common limitation of multimorbidity research.
Implications for research
Future research needs to clarify and integrate further variables in a model of social support and health-related quality of life. Several other variables have been shown to act as mediators between social support and healthrelated quality of life: sense of coherence [51] , self-esteem and control beliefs [52] . As shown by Schwarzer et al. [53] , self-efficacy can act as an intermediate variable between social support and depression. Furthermore, personality traits such as neuroticism may affect all relevant variables: social support, depressive mood and self-ratings of quality of life [54, 55] . Altogether this points to the complexity of what are often reciprocal relations. Ideally this should lead to integrated models that include all relevant variables and are tested in longitudinal rather than crosssectional studies. The next step would be the design of clinical studies modifying one or more of the implicated variables in the attempt to improve quality of life of multimorbid patients in primary care.
Implications for family practice
Our data add to existing evidence showing the importance of depression as comorbidity in patients with physical illness [23] . The relative importance of depressive mood compared to social support in our study's results suggests that, regarding health-related quality of life, interventions directed at depressive mood are probably more effective than interventions to improve social support. As Löffler et al. showed, coping with multimorbidity is an active process by patients, often requiring the utilisation of all their resources including social support [14] . Reduced energy and decreased activity as hallmark symptoms of depression potentially limit the coping process with multimorbidity and therefore need to be addressed in primary care practice. Effective treatment can be limited by the failure to recognize depressive mood and clinical depression in practice. This can be very problematic in multimorbid patients, because symptoms of depression are easily misattributed to somatic illness. Even if diagnosed correctly, overall evidence on optimal management of depression in multimorbid patients is scarce [56] and multimorbidity is only poorly reflected in clinical guidelines [57] . Notable exceptions exist: randomised-controlled trials have shown that improvements in depressive symptoms [58] [59] [60] and in social activity [61] are achievable in primary practice settings. A stepped care approach in primary care was also shown to be effective to prevent late life depression [62] . Bogner et al. [58] and Katon et al. [59] showed that in patients with depression and a chronic physical condition, outcomes of both can be improved by integrated and collaborative care, where physicians receive guideline-based recommendations for treatment. Katon et al. also showed improvements in quality of life. In the study by Gensichen et al. [60] outcomes of depression were improved by structured telephone interviews to monitor depression symptoms and support for adherence to medication; quality of life, however, did not significantly improve. Although none of these studies addressed social support, Sommers et al. [61] showed increased social activity when involving social workers in collaborative care. These trials suggest that a promising way to improve outcomes in multimorbid patients with depression are integrated care strategies specifically addressing physical and mental conditions as well as social concerns.
Conclusion
Social support influences health-related quality of life, but this association is strongly mediated by depressive mood. This finding can be explained by cognitive appraisal theory in the sense that social support either protects against or predisposes a person to depressive mood when faced with the threat of multiple illnesses, and this, in turn, affects health-related quality of life. Further research needs to integrate multiple psychosocial factors in order to explain health-related quality of life in multimorbid patients. Integrated care models that specifically address somatic, mental and social dimensions are promising in improving outcomes in multimorbid patients and interventional studies assessing all three dimensions are needed. In family practice, GPs should take into account social support (e.g. by family, friends and support groups) as a potential resource and depressive mood as impediment when caring for multimorbid patients.
